Introduction
============

Sweet\'s syndrome (SS) is a rare condition and a distinct disorder which is defined by four clinical features: fever, neutrophilic leukocytosis, the sudden onset of painful erythematous skin lesions, and dense dermal infiltrate of neutrophils ([@B1]). The exact cause of SS is still unknown, but some patients have underlying chronic inflammatory diseases and SS is thus thought to be triggered by acute infectious diseases and certain medications ([@B2], [@B3]). SS may arise in association with a variety of underlying systemic diseases and it sometimes occurs as a paraneoplastic syndrome in other hematological conditions such as myelodysplastic syndrome (MDS) ([@B2]). In addition, a nonspecific upper respiratory tract infection frequently precedes the appearance of a rash, and specific comorbid infections have also occasionally been identified ([@B4], [@B5]).

Toxoplasmosis is a parasitic disease caused by *Toxoplasma gondii* (*T. gondii*). Among severely immunocompromised patients, disseminated toxoplasmosis can occur following a primary infection or the reactivation of latent tissue cysts ([@B6]). Pulmonary involvement is extremely rare, and there are no reports of SS associated with pulmonary toxoplasmosis and MDS. One report showed that febrile neutrophilic dermatosis associated with toxoplasmosis successfully resolved after the treatment of pyrimethamine and sulfadiazine ([@B7]). SS could be caused by uncontrolled pulmonary toxoplasmosis through a robust type 1 helper (Th1) immune reaction ([@B8]). In addition, some reports showed that rare infectious diseases, such as a pulmonary fungal infection, could trigger the development of SS ([@B4]).

We herein report a case of SS in a patient that was being treated for suspected pulmonary toxoplasmosis complicated with MDS. The cytokine profile is essential to clarify the pathological condition of SS and MDS complicated with severe invasive infections. A bead-based immunoassay enabled us to quatitatively detect multiple analytes using a single serum ([@B9]). It is a powerful tool for detecting multiple cytokines comprehensively. In this report, we searched interleukin (IL)-2, IL-4, IL-6, IL-10, IL-17A, tumor necrosis factor (TNF), and interferon (IFN)-γ, in order to select the optimal treatment course and to elucidate the immunological relationship between anti-*Toxoplasma* immune reaction and SS associated with MDS.

Case Report
===========

A 74-year-old male patient was referred to the hematology department of a general hospital for an assessment of fever and anemia. A bone marrow examination showed markedly increased dysplastic erythroblasts, increased mitosis and megaloblastic change with nuclear-cytoplasmic asynchronicity, suggesting MDS. A karyotype analysis indicated complex chromosomal abnormalities of 46, XY, -3, -5, add(7)(p22), -12, del(16)(q22), add(17)(q25), -19, +mar\[11\] 11 cells out of 20 cells, and he was diagnosed to have refractory cytopenia with multilineage dysplasia (RCMD) as defined by the WHO 5th MDS criteria. On admission, he complained of fever with difficulty in breathing. Computed tomography (CT) indicated patchy ground-glass opacities with septal thickening and a lower lobe distribution in both lungs, as shown in [Fig. 1](#g001){ref-type="fig"}. Piperacillin/tazobactam as the empirical antibiotic therapy was administered, though the fever persisted without any improvement in the radiological findings. Serological tests for *Candida*, *Aspergillus*, and β-D-glucan were all negative. Nonetheless, the patient reported that he often fed stray cats as pets and thus had been in daily contact with unvaccinated street cats, anti-*Toxoplasma* immunoglobulin-M (IgM) and immunoglobulin-G (IgG) was positive according to an enzyme immunoassay (EIA). He was therefore referred to our hospital for the further evaluation and to receive treatment for lung toxoplasmosis. After being transferred, we administered pyrimethamine 50 mg/day and sulfadiazine 4 g/day as an induction therapy for lung toxoplasmosis. Accordingly, his fever subsided, and the CT fiindings showed an improvement of pneumonia. Sputum cultures and blood bacterial and fungal cultures were all negative. His anti-*Toxoplasma* IgG elevated from 69 IU/mL to 201 IU/mL 26 days after the initial examination, and therefore acute lung toxoplasmosis was suspected.

![Chest computed tomographic findings before the treatment of toxoplasmosis show bilateral ground-grass opacities and pleural effusion.](1349-7235-58-2079-g001){#g001}

Several dark-red eruptions appeared on his bilateral upper arms 23 days after the initiation of the treatment for toxoplasmosis ([Fig. 2a](#g002){ref-type="fig"}). We suspected a drug allergy to sulfadiazine at first and thus changed his medication to atovaquone 3,000 mg/day. However, the rashes thereafter expanded, and we therefore performed a skin biopsy from the wheals, and it revealed the infiltration of neutrophils in the subcutaneous fat without vasculitis ([Fig. 2b](#g002){ref-type="fig"}). Our patient fulfilled the criteria of SS as proposed by Su and Liu ([@B10]). He demonstrated two major criteria: (i) An abrupt appearance of papules and/or painful erythematous plaques; and (ii) Histological evidence of dense neutrophilic infiltrate without evidence of leukocytoclastic vasculitis. As a result, we started prednisolone of 30 mg/day. The rashes immediately disappeared. Meanwhile, his general condition including loss of appetite improved, and thus we decreased the amount of prednisolone to 18 mg/day. His clinical findings were compatible with four minor criteria: (i) General malaise and fever (\>38℃); (ii) An association with hematologic malignancy (MDS); (iii) An excellent response to systemic corticosteroids; and (iv) Abnormal laboratory values (positive C-reactive protein, \>8,000/μL of leukocytes, segmented-nuclear neutrophils and stabs \>70% in peripheral blood smear. After the onset of SS, we measured the cytokine profiles by using a bead-based immunoassay (Human Th1/Th2/Th17 Cytokine Kit, BD™ Cytometric Bead Array, BD Biosciences Pharmingen, San Diego, United States). [Fig. 3](#g003){ref-type="fig"} showed that IL-6 had increased at the onset of SS. After the initiation of prednisolone, IL-6 decreased promptly, yet it remained at a low level and did not become undetectable in spite of the subsequent improvement of fever and rashes. IL-10 had been detected simultaneously. The levels of IL-2, IL-4, IL-17A, TNF and IFN-γ were all under the detection limit (data not shown). There was no exacerbation of lung toxoplasmosis, and after six weeks of induction therapy, we started atovaquone 1,500 mg/day as maintenance therapy. An acute myelocytic leukemic transformation occurred 50 days after the initiation of the treatment for toxoplasmosis.

![Skin lesions of Sweet's syndrome. a: Dark-red eruptions appeared on his bilateral upper arms at the onset of Sweet's syndrome. b: The microscopic findings of a skin biospy show the infiltration of neutrophils in the subcutaneous fat without vasculitis. Magnification, ×400.](1349-7235-58-2079-g002){#g002}

![Cytokine profiles and the clinical course. SS: Sweet's syndrome, WBC: white blood cell, IL: interleukin, CRP: C-reactive protein](1349-7235-58-2079-g003){#g003}

Discussion
==========

The etiology of SS is still unclear. It is well known that an excessive activation of neutrophils and an abnormal distribution of endogenous cytokine is observed in SS patients ([@B11]). The twenty percent of SS cases have malignant diseases such as MDS, myelofibrosis and acute myeloid leukemia (AML) ([@B2]). In MDS case, refractory anemia with excessive blasts (RAEB) and RAEB in transformation (RAEB-t) are likely to be associated with the onset of SS. Among RAEB-t patients, the IL-6 concentrations are significantly higher than those seen in RA patients, and this seems to be a sign of a poor prognosis ([@B12]).

In this case, the diagnosis of toxoplasmosis was based on four reasons. First, the patient had a history of feeding unvaccinated stray cats. The contact with the oocysts in the feces of infected cats is a risk factor of *T. gondii* infection. Secondly, there was a therapeutic effect in the treatment with specific drugs for toxoplasmosis, while his pneumonia did not respond to the antibiotic therapy. Thirdly, anti-*Toxoplasma* IgM was positive, and IgG had been elevated during his clinical course. Finally, The 18S ribosomal DNA fragment of *T. gondii* was detected in the sputum sample, by a polymerase reaction (PCR) assay ([@B13]). However, we failed to confirm the sequence of the PCR product, because a sufficient volume of sample was not obtained. *T. gondii* infection in immunocompromised hosts often becomes lethal. Lung involvement is extremely rare, but it is known to be complicated in severely immunocompromised patients, such as hematopoietic stem cell transplantation (HSCT) recipients ([@B14]). Toxoplasmosis is an opportunistic infection that induces a strong cellular immune response. Cell-mediated immunity is essential for host resistance against *T. gondii*. A European report showed the prevalence of pulmonary toxoplasmosis among HIV-infected patients of 0.5-0.6% ([@B6]). In host immunity, the structural component of *T. gondii* is recognized by Toll-like receptor (TLR) 11, and innate immunity cells induce a large number of IL-12 as proinflammatory cytokines, and they also activate Th1 immune reaction, thus producing INF-γ, IL-2 and related proteins ([@B15]). The cytokine pattern and IL-17-expressing CD4^+^and CD8^+^ T cells may play an important role in the inflammatory response to human toxoplasmosis ([@B16]), while regulatory T cells and IL-17A play a key role in the pathology of ocular toxoplasmosis ([@B17]).

SS is an idiopathic, disease-associated, drug-induced, or infectious disease related disorder. Some specific underlying infections could trigger SS ([@B3]). A condition of comorbid infectious disease is important for treating SS because immunosuppressive therapy with corticosteroids is usually needed. In this case, we searched for cytokines comprehensively to elucidate the development course of these rare complications. Toxoplasmosis induces a robust Th1 immune reaction ([@B8]), but the result of this patient\'s cytokine array showed no elevation of IL-2 or IFN-γ at the onset of SS, which thus suggested that anti-*Toxoplasma* immune reaction was suppressed during the clinical course of SS. His pulmonary toxoplasmosis was well controlled at the onset of SS. In contrast, the only IL-6 was observed to have increased along with the symptoms of SS and the elevated IL-6 levels decreased after the initiation of prednisolone ([Fig. 3](#g003){ref-type="fig"}). The clinical course of our case was consistent with previous reports describing that only the IL-6 levels were elevated prior to prednisolone therapy and then the elevated interleukin-6 levels gradually decreased following therapy ([@B18]-[@B20]). Additionally, in this case, the IL-6 was already high at the onset of SS and not normalized after obtaining an improvement of the symptoms, thus suggesting the existence of chronic inflammation. On the basis of these findings, we infer that the development of SS in our patient was related to the rise of IL-6. Hattori et al. reported that the high level of G-CSF could explain leukocytosis, neutrophilic dermatosis, and IL-6 induced the associated symptoms of recurrent fever and pain in an SS patient ([@B21]). The blast crisis of MDS could be related to the development of SS, and we infer that blast crisis may thus have caused the SS in this case.

On the other hand, drug-induced SS was unlikely from the aspect of his cytokine profile, because his IL-2, IFN-γ, and IL-17A showed no elevation at the onest of SS. IL-2, IFN-γ. IL-17A activates macrophages and cytotoxic T cells and induces type IV allergies ([@B22]). It is equally unlikely that drug allergy caused SS on the basis of this cytokine profile. Therefore, a comprehensive analysis of cytokines may help to exclude the drug eruption in the diagnosis of SS.

The role of the detectable low-level IL-10 was unclear ([@B23]). IL-10 has been shown to be a dominant immunoregulatory mechanism preventing Th1 immune reaction ([@B24]). Reports regarding IL-10 in SS are limited. In contrast, there are some reports describing the role of IL-10 in Th1 immune reaction to toxoplasmosis. Gaddi et al. proposed that when encountering T. gondii-infected cells, Th1 cells first produce IFN-γ which then induces antigen-presenting cell\'s costimulatory activity for reactivating IL-10 gene expression in the same Th1 cell population ([@B25]). In this case, the levels of IL-10 were detectable but very low, and this finding might explain the healing process of inflammation and an anti-inflammatory reaction to the excessive activation of neutrophils.

IL-6 plays a crucial role in the acute phase response and the transition from acute to chronic inflammation. The dysregulation of IL-6 production is a major contributor to the pathogenesis of the chronic inflammatory condition associated with immunodeficiency diseases. Some reports have shown that IL-6 was also a biomarker for the mortality of HIV patients, and the chronic complications in patients with HIV were related to the overproduction of IL-6 ([@B26], [@B27]).

We herein described a case of SS complicated with MDS and pulmonary toxoplasmosis. The cytokine array can describe how the human immune system works against inflammation or the invasion of pathogens. Considering complicated situations similar to our case, a comprehensive analysis of cytokines helps to elucidate the pathogenesis and thus makes it possible to select the optimal treatment to successfully manage such cases.
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